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SUMMAET 



This study had as its purpose the exploratory investigation of 
the feasibility of using J. P. Guilford’s structure'-of-intellect model 
as a device for the design and production of instructional materials. 



Objectives 

The study had as its overall objective the determination of the 
interrelationships among form of visual presentation^ content of in- 
structional material, and characteristics of learners. The specific 
objectives studied were: 

1. To determine what effects three forms of visual presenta- 
tion (figural, symbolic, semantic) of instinctional materials will have 
upon the learning of cognitive information with figural, symbolic, or 
semantic inherent content characteristics. 

2. To determine what relationships, if any, exist in the learn- 
ing of the information between learners with different figural, symbolic, 
or semantic intellectual abilities and the form-content characteristics 
of the materials. 



Procedure 

Three parallel experiments were conducted, each using visual 
still slide materials having figural, symbolic, or semantic character- 
istics irjherent in their subject matter content. Each content area was 
presented in figural, symbolic, or semantic visual form. The resulting 
nine experimental sound slide set treatments were presented to 2k'J 
sixth-grade students randomly assigned to the treatments, and their 
perfomnance was tested by means of objective verbal tests of cognitive 
learning. Analysis of the results was made by analysis of variance, 
t-test comparisons, and correlation analysis. 



Results and Conclusions 



The results and conclusions are summarized below for the major 
comparisons and the learner characteristics: 
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1 . The Semantie form of visual presentation^ which presented 
the content in a meaningful printed verbal form, resulted in statis- 
tically significant learning superiority over the Figura3. and Symbolic 
forms of presentation for one e 2 q>eriment only. No significant differ- 
ences were found for the other two e^qjeriments. 

2 . Neither the stmcture-of -intellect factors of Guilford, 
the sex, the mental ability level, nor the language ability factors of 
the subject showed significant relationships to the mode of visual pres- 
entation used. 

3 . There was no apparent relationship between the inherency of 
the content and the nature of the visual presentation modes. 

4. Analysis of individual test items showed that significant 
differences among the three visual treatment groups favored the Semantic 
mode of visual presentation jji 53*5^ of the cases. 

5 . The major reason for the differences in performance among 
the treatment groups could be attributed to the shnilarity between the 
specific content of the visuals and the responses elicited in the test 

questions. 

6 . In summary, the feasibility of using the Guilford structure- 
of„ intellect model as a device to guide the design and selection of in- 
structional materials— either in the design of the fom of visual pres- 
entation, in the attribution of characteristics to the subject matter 
content, or in the characteristics of the learners— was not confirmed 
by the results of the study. 



CHAPTER I 



INTRODUCTION 



Fundamental to effective use of educational media is the de- 
sign of the messages that pass through them. Variations in message 
design, in combination with available media and known characteristics 
of learners, create a complex pattern of interacting relationships that 
calls for research of commensurate complexity. This exploratory study 
was part of a comprehensive search for invariants in this pattern of 
relationships. Such stable factors, once identified, will become the 
empirical basis for the systematic development of principles of message 
design. 



The application of J. P. Guilford's structure-of-intellect 
model to the design of instructional materials deserves investigation. 

If his model reliably accounts for the various intellectual abilities 
of individuals, such abilities being measurable and quantifiable by 
different test forms, it is possible that some universal principle may 
be operating that has application to the structure-of-st-imulus materials 
as well as to the structure-of-intellect. Three of the broad classes of 
information content described by Guilford in his model— figural, sym- 
bolic, semantic — appear to show a relationship to certain characteris- 
tics of instructional materials. This relationship is strong enou^ to 
suggest that some of the dimensions of the Guilford model be probed to 
discover whether or not it might furnish insists into the more effec- 
tive design of instructional media, the characteristics of these mate- 
rials, and characteristics of the learner as related to content and 
form. 



The Problem 



This study has as its purpose the exploratory investigation of 
the feasibility of using J. P. Guilford's structure-of-intellect model 
as a device for the design and production of instructional materials. 

The study investigated the teaching of cognitive information in three 
forms of visual presentation (figural, symbolic, or semantic) with ma- 
terials having three kinds of inherent content characteristics (figural, 
symbolic, or semantic). The relative effectiveness of these presenta- 
tion forms and content characteristics were compared, and the appropri- 
ateness of each form-content combination was studied in relation to 
various learner characteristics, including the figural, symbolic, and 
semantic abilities of individuals. 
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Specifically^ three parallel experiments were conducted^ each 
using visual slide materials having figural^ symbolic^ or semantic 
characteristics inherent in their subject matter content. Each content 
area was presented in figural^ symbolic^ or semantic fom. The result- 
ing nine experimental sound slide set treatments were presented to 
sixth-grade students^ and their perfonnance was tested by means of ob- 
jective tests of cognitive learning. 

The study had as its overall objective the determination of the 
interrelationships among content of instructional material^ form of 
visual presentation^ and characteristics of learners. The specific ob- 
jectives studied were: 

1 . To determine what effects three forms of visual presenta- 
tion (figural^ symbolic^ semantic) of instructional materials will have 
upon the learning of cognitive information with figural^ symbolic^ or 
semantic inherent content characteristics of the matex'’ial. 

2 . To determine what relationships^ if any^ exist in the learn- 
ing of materials having figural^ symbolic or semantic form-content by 
learners with different figural^ symbolic^ or semantic intellectual 
abilities. 



Review of Related Literature 



There is a dearth of previous experimental research bearing 
directly on the major problem being studied. However^ some research 
has been conducted on related aspects of the problem^ and it is to 
this research that the review will be directed. 



Form of Visual Presentation 



The past research emphasis on the selection of appropriate 
forms of visual presentation has been directed almost exclusively to 
comparisons in the effectiveness of different kinds of instructional 
media — motion picture^ still picture^ print; etc. — and on the produc- 
tion techniques for building into instructional messages devices to en- 
hance the learning. The research on these variables has been compre- 
hensively reviewed by Hoban and van Ormer (l 950 ); Allen (I96O); and 
Lumsdaine (1965). But little or no research attention has been given 
to the different types of forms that might be taken by a particular in- 
structional message presented by means of a particular medium. In the 
case of this study; these forms have been characterized as being either 
figural; symbolic; or semantic and have been designed to conform to 
Guilford's model (I967). 

Other investigators have categorized the form of media in other 
wayS; but none of these classification scheme^’ has been similar to the 
Guilford model. Knowlton (I966); in his taxonomy of "visual-iconic 



signs^" classified pictures as being realistic^ analogical^ or logical. 
Realistic pictures represented "some state of affairs of a sort that is 
visually perceivable either directly or vith technological aid . . . 
provided that the communicator’s intent is to make reference to the 
type of object portrayed." Examples vere real-life photographs. Ana- 
logical pictures represented "either the phenomenal or nonphenomenal 
world . . . throu^ the bridge of the (visual) phenomenal world." Ex- 
amples were some state of affairs that had no tangible existence or 
was "too small^ too large ^ too distant^ too transient to be recorded by 
aided or unaided eye." Lo gical pictures were visual representations 
wherein the elements were ^arbitrarily portrayed^ while pattern and/or 
order of connection are isomorphic with the state of affairs repre- 
sented." Examples were such representations as electrical circuit 
schematics or highway road maps. Knowlton's classification thus con- 
cerns itself only with iconic signs and excludes verbal symbols. Com- 
paring the Khowlton model with the Guilford models only Knowlton's 
realistic and Guilford's f igural representations appear to be similar. 

Conway (1967^ 19^8) utilizing Knowlton's theoretical structure 
(1964)^ distinguished two types of sign vehicles — iconic and digital — 
and illustrated their relationships to auditory and visual sensory mo- 
dalities. He classified a line drawing of an object as iconic and the 
printed work of the same object as digital . Ruesch and Kees (I956) 
suggested a similar categorization. They classified analogic codifica- 
tion as "a series of symbols that in their properties and relations are 
similar to the things idea^ or event for which they stand." Digital 
codification was said to deal with "discrete step intervals." Examples 
of digital codification given were the numerical system and the phonetic 
alphabet. Danger (19^2) characterized the two stimulus classes as 
discursive and presentational. The discursive form of stimuli presented 
their constituents "successively" and was represented by words. The 
presentational foim^ or pictures^ presented their constituents "simul- 
taneously^’^^ the "relations determining a visual stmicture are 

grasped in one act of vision." Piyluck and Snow (1967) also categorized 
stimuli into two classes; digital information and analogic information. 
Digital information consisted of letters^ words ^ numbers and other fa- 
miliar symbols of an abstrEir*-: nature occurring in serial form. Ana- 
logic information consisted of pictures^ gestures^ intonations, etc., 
occurring simultaneously. They further classified the visual analogic 
channels into nonverbal (the visual components of pictures, including 
actions, gestures, physical objects, and settings) and into paraverbal 
(the embellishments and elaborations on the printed words and symbols 
used in the visual digital channel). 

Implicit in all of these classification schemes is a subdivision 
of stimuli into two classes; the abstract verbal form (called digital 
or discursive ) and the more concrete nonverbal form (called iconic , 
analogic , or presentational ) . The verbal f om consists of abstract 
words, numbers or symbols presenting their information successively and 
serially in discrete steps. On the other hand, the nonverbal foirni con- 
sists of concrete pictures, drawings, and representations presenting 
information simultaneously. 
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These classification schemes may be compared to Guilford's 
structure-of-intellect categorization^ . hich classifies mode of presen- 
tation as f igural , symbolic, or semantic . Guilford's figural class is 
practically identical to the nonverbal channels of the other models^ and 
both the symbolic and semantic classes may be treated as verbal in na- 
ture. The difference between the classification scheme used in this 
study and those discussed above appears to be the addition of a semantic — 
or "meaning"~element to the verbal category. This may be implicit in 
the other models^ but Guilford makes it more explicit as a special pres- 
entational mode. 



Content Inherency Characteristics 

The application of Guilford's classification of content — figural^ 
symbolic^ semantic — to the subject matter content used in this study as- 
sumes that the content itself has describable characteristics. There 
is^ however^ no available "taxonomy of content types" to serve as guide- 
lines for such classification, and the attributing of inherent Guilford 
"content" characteristics to the subject matter examples selected was 
made arbitrarily. On the other hand, a study by Allen, Filep and Cooney 
(1967) presented evidence that subject matter content could be identi- 
fied as being inherently concrete or non-concrete (abstract). The study 
found that motion-picture and still-graphic (pictorial) modes of visual 
presentation were more effective than the printed-verbal mode in the 
teaching of content that had concrete characteristics, but that there 
were no differences among the three modes in teaching content that had 
non-concrete characteristics. The concrete content in the cited study 
had similar characteristics to the figural content in the present study, 
and the non-concrete content was similar to the semantic content. So 
far as can be determined, no research has been conducted that deals with 
content that can be classified as having symbolic characteristics. 



Intellectual Factors 



Although a reasonable amount of research attention has been given 
to the relationships of mental ability to learning from different kinds 
of instructional media (Hoban and van Ormer, 1950 ; Allen, i960), very 
little study has been made of the relationships of various intellectual 
abilities to the specific design characteristics of the media. Allen, 
Filep and Cooney (1967), using a batteiy of tests based on Guilford's 
model and selected to measure figural ability (includiag the "Omelet 
Test" of the present study), found no apparent relationship between the 
subjects' f igural aptitude and the learning of content having different 
kinds of visual, audio, structural, or content inherency characteristics. 
Dawson ( 1964 ) obtained data to support the assumption that individuals 
differ in their abilities to recognize and to learn from certain graphic 
configurations. He reported that college students who scored hi^ on 
figural portions of the Guilford-Zimmerman Aptitude Survey also were 
more successful in recognizing figural configurations than those who 
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scored low on uhe Survey. On the other hand^ Gagne and Gropper (1964) 
examined individual differences of eighth graders in learning from 
visual and verbal pre mentations and found no correlations between spa- 
tial aptitude and learning with pictorial representations. However^ 
some evidence was revealed to support the contention that higher rela- 
tionships occur between verbal aptitude and learning with the verbal 
presentations than with the visual presentations. 

In a recent paper, Snow and Salomon (1968) have reviewed some 
of the research on the relationships of certain aptitudes to instruc- 
tional media and have made a case for the intensification of research 
effort in determining the extent of these relationships. However, 
there would appear to be little definitive evidence to date that could 
serve as guidelines for the design of instructional media to enhance 
the learning of the content by individuals with different aptitude di- 
mensions. 



CHAPTER II 



METHOD AND PROCEDURES 



Controlled experimentation vas used to assess the effects of 
the variables being studied upon the learning of cognitive information 
having different kinds of inherent content characteristics. 



Experimental Design and Method 



Experimental Design 

The design of the study called for the development of the nine 
experimental treatments described belov, the administration of these 
treatments to experimental subjects under controlled conditions, the 
testing of performance of the subjects by means of posttests given im- 
mediately following exposure to the stimulus materials, and the compar- 
ison of the performance data by means of appropriate statistical tech- 
niques. Three parallel experiments were conducted, each involving sub- 
ject matter content possessing different inherent characteristics: 
figural content on the subject of oceanography, symbolic content on the 
subject of the order of different kinds of happenings, and semantic 
content on the subject of crystallography. Subjects were 2^7 sixth- 
grade students from the Bellflower Unified School District (California), 
assigned at random to the different experimental treatments. 

Comparisons of the performance data on each of the experiments 
were made by one-way g-’^lysis of variance technique for the total per- 
formance scores. Corre-^ation analysis was used to determine the rela- 
tionships between selected learner characteristics and test performance. 

A posttest-only design without a control group was used, be- 
cause the study was testing hypotheses concerning which of several 
treatments produced the greater effects and was not concerned with the 
question of whether the treatments were more effective than no treat- 
ment at all. 



Experimental Variables 

Content inherency modes . The three experiments were separately 
designed to include subject matter that could be characterized as pos- 
sessing as inherent dominant traits one or the other of the following 
types of content: 
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1. Figural content , in which the visual material presented was 
high in concrete referents having depictable physical visual character- 
istics such as objects^ things^ places^ or positions. The materials 
selected related to oceanography and depicted such things as the ecology 
of the sea^ the movements of currents^ the behavior of sea life^ and 
the nature of the food chain in the sea. It might be expected that the 
learning of such content would be enhanced by the use of realistic pic- 
torial illustrations rather than either symbolic representation or se- 
mantic explanation. 

2 . Symbolic content , in which the visual material presented 
was high in the abstract concepts and relationships where symbolic rep- 
resentation would be needed for comprehension. The materials selected 
related to the way things happen and the order in which they happen. 

It might be expected that the optimal mode of visual presentation of 
such content would be by means of symbolic representation rather than 
by the more realistic pictorial figural or more verbal semantic modes. 

3. Semantic content, in which the visual material presented 
was high in content that stressed meaning or abstract ideas. The mate- 
rials selected related to crystallography and depicted such abstrac- 
tions as order, systems, and form. It might be expected that the opti- 
mal mode of visual presentation of such content would be by means of 
verbal print that stressed the meanings of the concepts rather than by 
the more realistic pictorial figural or symbols where meaning is not 

as important. 

Form of presentation modes . Three different methods of pre- 
senting the visual instructional stimulus materials were designed to 
conform as closely as possible to Guilford's structure-of-intellect 
model categories (1967) in the domain that he calls "Contents," or 
broad classes or kinds of information involved in intellectual activi- 
ties. These three forms were: 

1. Figural form^ in which the visual material was presented 
in a concrete visual form as represented by photographs and realistic 
drawings of the concrete aspects of the Qoncepts being tau^t. The 
intent was to supplement the baseline audio exposition with concrete 
visual depiction wherever feasible. 

2 . Symbolic form , in which the visual material was presented 
in the fom of symbols (including words), tokens, or signs that could 
be used to stand for something else and which had meaning only as they 
symbolized some function, concept or relationship. These symbols sub- 
stituted for the concrete representational visuals used in the Figural 
mode and supplemented the baseline audio exposition. 

3. Semantic form, in which the visual material was presented 
in printed verbal form (printed words and sentences) in a meaningful 
arrangement and where the meaning attached to the word label was impor- 
tant. This verbal presentation substituted for the pictures and symbols 
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in the other versions and supplemented the baseline audio exposition by 
making it more meaningful. 

The presentation of all three versions was by means of projected 
slides, the Figural version being in realistic color, the Symbolic in 
color and black and white, and the Semantic in black and white print 
only. 



Learner Variables 



■The combinations of the above two independent variables were 
studied in relation to the following learner variables: 

Structure^of- Intellect factors . These were intellectual factors 
as measured by Guilford’s structure-of- intellect model (1967). They 
involved cognition of behavioral imits and comprised three factors out 
of a total of 120 identified by Guilford. Cognition was defined by 
Guilford as "awareness, immediate discovery or rediscovery, or recogni- 
tion of information in various forms: comprehension or understanding." 
Units were described as "relatively segregated or circumscribed items 
of information having ’thing’ character, perhaps equivalent to the 
gestalt ’figure on a ground.’" The following three intellectual abili- 
ties were measured and studied: 

1 . Cognition of figural imlts , or the ability of the learner 
to process information in a visual form. 

2 . Cognition of symbolic units , or the ability of the learner 
to cognize symbolic imits that can be used to stand for something else. 

5. Cognition of semantic units, or the knowledge that the 
learner has of the meanings of words. 

Mental ability (IQ) factors . These were intellectual factors 
as measured by standardized test of mental maturity. 

Sex . The classification of the population as either boys or 

girls. 



Experimental Population 

The total experimental population consisted of 2^7 sixth-grade 
students (105 male and 1^2 female) drawn from three elementary schools 
in the Bellflower Unified School District (California). The subjects 
used comprised the total sixth-grade population of these schools, with 
those students eliminated who were below fourth-grade in reading abil- 
ity or for whom there was no standardized test data available. The 
subjects were a part of the population used in a study of the motion 
variable in film presentation (Allen and Weintraub, I968). 
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The subjects were distributed to the three experimental treat- 
ments in each of the three schools by using a table of random nmbers. 

An analysis of variance was performed to determine if the distribution 
of the subjects to the experimental treatments, based upon the Lorge- 
ierbal IQ score and the Stanford Achievement Test scores had 

been random. The mean scores, standard f 

the means for these comparisons are presented in lable 1. Th 
for the three analyses of variance were not significant^ confirming the 
validity of the randomization procedure and attesting tc the cmparabll- 
ity of the treatment groups in these three learner characteristics .How- 
ever, a further comparison of the experimental treatment groups on 
structure-of -intellect factors showed that the randomized popu^tlon wa 
norMenous! Table 2 shows that significant differences s^l^^ed to 
both "Filure Completion" and "Mutilated Words" abilities among the three 

experimental groups. 



Development of the Experimental 
St Imulus Materials 



Nine sound slide sets were produced in accordance with the re- 
q^uirements of the variables being studied. The^e:xperimental visua 
stimulus materials were presented by means of 2 x 2 color transpar- 
ency slides. The accompanying audio stimulus materials were Presented 
ITIbAs of magnetic recording tape. These materials were combined ^ 
synchronizat.i.on for presentation to the experimental treatment group 
in darkened classrooms. The experimental treatments are shown in Ap- 
pendix A. 



Subject Matter 

The subject matter for the three sets of materials consisted of 
three units of factual information in general science suitable for up- 
per elementary grade students. These were units on The ea_^ on 
"Making Thln^ Happen," and on "Crystallography. basic content 

for each of the units was selected from the materials prepared for 
previously conducted experiments and modified to conform to the require- 
lents of this experiment. ”^e Sea" material was used in studies by 
AUen, Weintraub and Cooney (I968) and Allen^ Cooney and ^eintr 
(1968); the "Making Things Happen material was used to a study by 
Allen and Cooney (I963), and the "Crystallography material was used 
in a study by Allen j Filep and Cooney ( 19o7 / * 

The particular subject matter examples used were selected ar- 
bitrarily rather than in accordance with any clearly establishe cr - 
teria. There is no available taxonomy of content types to se^e as 
a guideline for decision and practically no research to generalize rom. 

the three subjects chosen do appear to satisfy the requirements of 
the classification scheme devised by Guilford (1967) for the kin s 
material or content upon which the memory or thinking functions may 
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TABLE 1 



MEAN SCOEES^ STANDARD DEVIATIONS^ AND HOMOGENEITY OF MEANS FOR 
SELECTED LEARNER CHARACTERISTICS (ANALYSIS OF VARIANCE) 







Verbal IQ 


Word Meaning 


Paragraph 

Meaning 




N 


X O' 


X O' 


X O' 


Figural Crystallography/ 
Semantic MThH/ 


89 


100.74 12.89 


53.32 14.38 


55.56 16.64 


Symbolic Sea 

Semantic Crystallography/ 
Symbolic MThH/ 


78 


100.37 11.69 


53.46 15.15 


55.72 15.76 


Figural Sea 

Symbolic Crystallography/ 
Figural MThH/ 


77 


101.71 12.11 


54.26 13.22 


57.23 15.53 


Semantic Sea 













df 


SS 


MS 


F 


Prob. 


VERBAL IQ 

Bet'ween Means 
Within Groups 


2 

24 i 


74.827 

36290.988 


37.4 i 4 

150.585 


.248 


NS 


Total 


243 


36365.816 








WORD MEANING 
Bet'ween Means 
Within Groups 


2 

241 


41.386 

49139.381 


20.693 

203.898 


.101 


NS 


Total 


243 


49180.766 








PARAGRAPH MEANING 
Between Means 
Within Groups 


2 

24l 


135 . 765 

61805.497 


67.883 

256.454 


.265 


NS 


Total 


243 


61941.262 
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TABLE 2 



MEM SCORES, STAEDARD DEVIATIONS, AND HOMOGENEITY OF MEMS FOR 
STRUCTURE-OF-INTELLECT FACTORS (ANALYSIS OF VARIMCE) 











Figure 


Mutilated 






Omelet 


Completion 


Words 




N 


X 


O’ 


X 


O’ 


X 


O’ 


Figural Crystallography/ 




h.ya 


2.42 


17.40 


4.71 


8.27 


5.73 


Semantic MThH/ 
Symbolic Sea 


89 














Semantic Crystallography/ 








18.00 


4.75 


6.!tO 


3-13 


Symbolic MThH/ 
Figural Sea 


78 


3.62 


2,17 










Symbolic Crystallography/ 




5.64 




19,56 


4.85 


7.96 


3.13 


Figural MThH/ 
Semantic Sea 


77 


2.51 















df 


SS 


MS 


F 


Prob. 


OMELET 

Between Means 
Within Groups 


2 

241 


26.841 

1285.471 


15.420 

3-334 


2.516 


<.10 


Total 


245 


1512.511 




FIGURE COMPLETION 
Between Means 
Within Groups 


2 

241 


200.177 

5478.425 


100.089 

22.752 


4,4 o 5 


<.05 


Total 


245 


5678.602 




MUTILATED WORDS 
Between Means 
Within Groups 


2 

24l 


162.581 

2723.091 


81.291 

11.299 


7.194 


<.001 


Total 


245 


2885.672 
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operate. Also, a study by Allen, Filep and Cooney (I 967 ) presented evi- 
dence that subject matter content could be identified as being inher- 
ently "concrete" or "non-concrete." 



Experimental Materials Production 

For each of the three subject matter content areas scripts were 
prepared consisting of audio narration and accompanying visual material. 
In all cases, the audio narration was written so as to carry as little 
of the informational and instructional load as possible. The same nar- 
ration was used for all three versions of the visual presentations. 

The three visual presentations for each experiment were developed si- 
multaneously in order to make them as eq,ual as possible in their presen- 
tation of the instructional content being tested. 

Special artwork was prepared for the Figural and Symbolic ver- 
sions, from which the slides were made. Typewriter copy was photo- 
graphed as slides for the Semantic versions. All preparation of slides 
and audio tapes was done under the direct supervision of the research 
staff . 



The slide material was assembled into nine Kodak Carousel slide 
trays and was synchronized with the audio tapes. The tapes were pulsed 
so as to activate the slide changes. 



Measuring Instruments 



Performance Tests 



Three performance tests were prepared, one for each of the three 
subject matter areas. The tests are presented in Appendix B. "The Sea" 
test consisted of 29 items, the "Making Things Happen test of 25 items, 
and the "Crystallography" test of 21 items. The tests consisted of mul- 
tiple-choice, completion, and ordering questions and were verbal in 
construction. A number of test items, from the earlier studies with 
the same content, were used in this study either in their original form 
or in modified form. Additional test items were constructed to measure 
the cognitive infommtion being tau^t. 

Reliabilities of the three performance tests as determined by 
Kuder-Richardson Formula ^0 were .588 for "The Sea," .560 for "Making 
Things Happen," and .515 for "Crystallography." These reliability coef- 
ficients were considered to be adequate given the length of the tests 
and the purpose for which they were intended. 
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Mental Ability and Achievement Tests 



The mental ability of the subjects "was measured by the Verbal 
Battery of the Lorge-Thomdike Intelligence Tests (Houston Mifflin 
Company, 1964 ) as a part of the California State Testing Program, These 
tests measured abstract intelligence, defined as the ability to 
■with ideas and relationships among ideas." Eaw scores were converted 
into Intelligence Quotients for purposes of the analysis. 

Scores on the Word Meaning and Paragraph Meaning sections of 
the Stanford Achievement Test (I966) were used to measure language abil- 
ity. The raw scores were converted into percentile ranks for purposes 
of the analysis. 



Structure— of— Intellect Tests 



The ability of the subjects in the cognition of visual-figural 
units was measured by the "Figure Completion" test prepared by "bhe Ap- 
titudes Research Project of the University of Southern California (.Guil- 
fOT’d and Hoepfner, 196^) and the "Mutilated Words" test adapted by the 
Aptitud.es Research Project of the University of Southern California from 
L. L. Thurstone’s "Mutilated Words" test (Thurstone, l^kk; G'uilford, 
1967). Guilford (I967) asserted that the "Figure Completion test has 
been the "most univocal representation" of the cognition of visual- 
figural units factor in recent analyses, but that the Mutilated Words 
test typically shared its variance about equally between the cognition 
of the visual-figural units factor and the cognition of -fehe visual- 
symbolic units factor. The word recognition feature of Mutilated 
Words" made it in part a measure of symbolic factor, since words are 
symbolic units, whereas the letteis could also be quite readily processed 
as figural units. Both tests required the recognition of either pic- 
tures or words with parts of the pictures or letters erased. Tlie sub- 
ject was required to ■write in the name of the object portrayed or the 

word when complete. 

The ability of the subjects in the cognition of visual- symbolic 
units was measured by the so-called "Omelet" test (Guilford and Hoepf- 
ner, 1963) wherein the subject was presented with four letters and told 
that they could be arranged to make a word. He had to indicate the 
first letter of the word. 

The ability of the subjects in the cognition of semantic units 
was measured by the Word Meaning section of the Stanford Achievement 
Test (1966). Guilford (I967) noted that it is the cognition of the 
meaning attached to the word label, not of the label itself, that is 
the important factor and that the "size of the examinee's listening or 
reading vocabulary can be claimed as the variable measured. 
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Conduct of the Experiments 



Schedules and procedures vere worked out in detail with the ad- 
ministrative staff of each school and then were reviewed with the teach- 
ers of the classes involved in the experiment. At the times of the ex- 
perimental runs^ the subjects met in their regular classrooms and were 
then taken to the appropriate experimental rooms as determined by their 
random assignment. Subjects in the experimental rooms were given the 
instructions by a member of the research staff and then saw each of the 
three sets of subject matter content under different experimental condi- 
tions. example^ one group of subjects saw "The Sea" in the Figural 

form, "Making Things Happen" in the Symbolic form, and "Crystallography" 
in the Semantic form. After presentation of each set of materials, the 
lights in the room were turned on and the subjects completed the test 
for that material. The lights were then lowered and the second set of 
materials was presented and tested, followed by the third set of mate- 
rials and test. The entire procedure consumed about 75 minutes of 
time . 



Preparation of Data and 
Statistical Analysis 



Responses to the performance test items were made directly on 
the tests themselves. After scoring, they were transferred to sense- 
score sheets for mechanical transfer to IBM cards. 

One-way analyses of variance were undertaken to identify the 
characteristics of the population and to establish the statistical dif- 
ferences among the experimental variables. The analysis of variance 
computer program used was the "Summary Program," furnishing t-test and 
one-way analysis of variance analyses (Computer Sciences Laboratory, 

1967) . 



Product moment coefficients of correlation were obtained between 
all learner characteristics and performance test scores and compared for 
each experiment by means of test for independent correlations which 
used the ^transformations of the correlations (Edwards, i960). 

All statistical analyses were made on the Honeywell 8OO computer 
operated by the staff of the Computer Sciences Laboratory, University of 
Southern California. 



CHAPTER III 



RESULTS 



Test results vere analyzed for each of the experiments sepa- 
rately. The analyses included comparison of results on the total per- 
formance tests by means of analysis of variance and correlations between 
selected learner characteristics and test performance. In addition^ 
comparisons were made of responses to each test item separately. 



Analysis of Total Performance 

The mean test perfomance scores and the results of the one- 
way analyses of variance for the three experiments are presented in 
Table 5* 



Significant differences among the three treatment groups were 
found in the first experiment only^ "The Sea^ " which dealt with subject 
matter content of Figural Inherency. The Semantic form of visual pre- 
sentation ( 18 . 61 ) was superior to the Symbolic form ( 17 .O 6 ) at the .02 
level and to the Figural form (17.55) *10 level of significance 

as determined by t-test. 

There were no significant differences among the treatment 
groups in either the second experiment^ "Making Things Happen^" which 
dealt with subject matter content of Symbolic Inherency or in the third 
experiment^ "Crystallography^" which dealt with subject matter content 
of Semantic Inherency. 



Analysis by Learner Characteristics 

The relationships of the various learner characteristics to 
scores on the performance tests are presented in Table 4. The product 
moment correlation coefficients were obtained with performance test 
scores as the dependent variable and each learner characteristic as the 
independent variable. The significance of the differences among the 
correlations for each of the learner characteristics in each of the 
three experiments are presented in Table 5* 



Sex 



The sex of the subjects was found to have no significant rela- 
tionship to performance except for a small superiority for the girls 
on the Symbolic and Semantic treatment modes of "The Sea." There was 
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TABLE 5 

COMPARISONS OF TOTAL TEST PERFORMANCE BY ANALYSIS OF VARIANCE 





N 


X 


cr 


1 . "the sea" (Figural Inherency) 








Figural 


78 


17.55 


4.05 


Symbolic 


88 


17.06 


5.59 


Semantic 


56 


18.61 


5.56 


2 . "MAKING THINGS HAPPEN" 
(Symbolic Inherency) 








Figural 


79 


17.47 


5.02 


Symbolic 


51 


17.18 


5.14 


Semantic 


90 


17.50 


5.07 


5 . "CRYSTALLOGRAPHY 

(Semantic Inherency) 








Figural 


89 


9.55 


2.96 


Symbolic 


79 


9.80 


2.69 


Semantic 


78 


9.46 


5.27 





df 


ss 


MS 


F 


Prob. 


1. "THE SEA" 

Between Means 
Within Groups 


2 

219 


87.643 

2993.406 


43.822 

13.669 


3.206 


< .05 


Total 


221 


3081.050 








2. "MAKING THINGS HAPPEN" 
Between Means 
Within Groups 


2 

217 


3.776 

2041.583 


1.888 

9.408 


.201 


NS 


Total 


219 


2045.359 








3. "CRYSTALLOGRAPHY" 
Between Means 
Within Groups 


OJ 

OJ 


9.704 

2157.695 


4.852 

8.879 


.546 


NS 


Total 


2^5 


2167.398 
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COKEELA.TION COEFFICIENTS BETWEEN LEAEl'ffiR CHARA.CTERISTICS AND PERFORMANCE TEST SCORES 
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no significant superiority for any of the three treatment modes as a 
function of the sex of the subjects, as determined by the test for 
independent co rre lat i on s . 



Academic Language Achievement 

The academic language achievement factors (Word and Paragraph 
Meaning) "were significantly related to performance in all three experi- 
ments, the correlations ranging from .521 to .629. However, there was 
no significant superiority for any of the treatment modes as determined 
by the X^ test for independent correlations. The only comparison ap- 
proaching significance (< .50) was the Word Meaning factor for the "Mak- 
ing Things Happen" experiment, wherein the correlation for the Figural 
treatment mode was .57^ compared to .405 for the Symbolic mode and 
.565 for the Semantic mode. 

Mental Ability 



The mental ability level (IQ) of the subject was also found to 
be significantly related to performance in all three experiments, the 
correlations ranging from .hOk to .578* However, there was no signifi- 
cant superiority for any of the treatment modes as determined by the X 
test for independent correlations. 



Sti*ucture-of— Intellect Factors 



The structure -of -intellect factors varied in their relation- 
ships to performance. 



Cognition of visual-figural units . The visual-figural factor 
was significantly related to performance in only the Semantic treatment 
mode of "The Sea" for the Figure Completion test and in only the Seman- 
tic and Symbolic modes of "The Sea" for the Mutilated Words test. When 
the totals for both tests were used, these same two treatment modes 
showed significant correlations, as did the Figural and Semantic treat- 
ment modes for "Making Things Happen." Only the Figure Completion test 
and the total of both tests approached significance (< .50); the cor- 
relations showing a superiority for the Semantic mode and an inferior- 
ity for the Figural mode. 



Cognition of visual-symbolic units . The visual- symbolic factor 
(Omelet test) was significantly related to perfoimance in only the Sym- 
bolic treatment mode of "Crystallography." However, this test most 
closely approached significance (< .20) of any of the comparisons, the 
Symbolic treatment mode being superior to the other two modes. 

Cognition of semantic units . If Word Meaning (also discussed 
above as an Academic Achievement factor) test score can be considered 
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a measure of cognition of semantic imits, this factor vas found to he 
significantly related to performance in all three experiments. However^ 
when the correlations of the three treatment groups vere compared^ the 
differences approached significance (< .50) only in the "Making Things 
Happen" experiment^ the Figural treatment mode being superior to the 
other tvo treatment modes. 



Analysis of Specific Test items 

The mean test performance scores on each of the items in the 
three tests vere compared by means of analysis of variance. Where sig- 
nificant differences vere found, comparisons between treatment groups 
were made by t-test. These results are summarized in Table 6, showing 
an analysis of the specific differences among the groups and a descrip- 
tion of the characteristics of the visuals where significant differences 
in performance were found. The means for the treatment modes, the sig- 
nificance of the differences among them, and the t-test comparisons for 
each of the oest items are presented in Appendix C (Table 7). 

Of the 75 items on the three tests combined a total of 28 items 

"^ere significant at the .05 level or lower. The greatest num- 
ber of significant differences was found for "The Sea" experiment (fig- 
ural inherency), 55.2^, and the least number for the "Making Things 
Happen" experiment (symbolic inherency), 20^. The "Crystallography" 
experiment (semantic inherency) showed 55 *5^^ significant differences. 

When the differences between the three different visual presentation 
modes were determined by t— test, a total of ^5 significant differences 
were foimd. These differences predominantly favored the Semantic treat- 
ment mode, this mode being superior in 25 cases (55*5^^); "tbe Symbolic 
mode in 11 cases (25.6/0) and the Figural mode in 9 cases (20. 9/). It 
should be noted that there was no apparent relationship between the 
"content inherency" characteristics assigned to the subject matter and 
the nature of the visual presentation modes. That is, the Semantic 
visual presentation mode was superior for content having either Figural 
or Symbolic subject matter content inherency, and the Semantic and Sym- 
bolic visual presentation modes "/ere about eq.ua] in the number of sig- 
nificant items with content having Semantic inherency. It appeared 
that other factors than subject matter content inherency were operating 
as contributors to the learning of the material. 

When the visual presenting the content to be learned for the 
test items showing significant differences were analyzed, one dominant 
visual characteristic was apparent. This was the importance of very 
explicit similarity between the specific content of the visuals and the 
responses elicited in the test q.uestions. Table 6 shows that 28 of the 
45 significant differences (65.I/) could be attributed to this stim\^us 
generalization factor. Three examples are presented in order to point 
up the nature of this stimulus-test similarity.^ 



^Other comparisons may be made by combining the content from 
Appendices A, B, and C. 
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Example A (Figure l) shoved a very significant advantage (p < 
.001) to the Figural and Symbolic treatment modes over the Semantic 
mode. The test question asked for the temperature near the bottom of 
the sea. It may be observed that both the Figural and Symbolic treat- 
ment modes presented this information in the actual figures (55°) 
quired as a correct response. The Semantic mode^ on the other hand, 
did not give the actual "55°" figure but required the subject to extrap- 
olate the ansver from the givens, "55 degrees" and "drops only 2 de- 
. grees. " 



Example B (Figure 2) shoved a significant advantage to the other 
tvo treatments, more so to the Figural than to the Symbolic. The test 
question asked vhich color light rays vent deepest into the sea. The 
Semantic version furnished the specific infonnation necessary to ansver 
the question. The information vas not contained in the Figural version 
(although an examination of Frame 5 6 of "The Sea" script in Appen- 

dix A vill shov that the color bands vere displayed as visual stimuli), 
and the information vas in the Symbolic version only implicitly. 

A similar condition exists in Example C (Figure 5) in vhich the 
Semantic and Symbolic treatments vere both significantly superior to 
the Figural. The test question required the subject to vrite in the 
name of solids that did not have internal order ("amorphous"). This 
information vas given in both the superior treatments, but vas carried 
only in the narration accompanying the Figural mode. It is interesting 
to note that none of the subjects in the Figural group ansvered the 
question correctly. 

A second characteristic vas identified in one section of "The 
Sea" experiment. This has been labelled; "Confusion vith other Visual" 
and may have resulted from an incorrect association vith an activity. 

The test questions asked for a determination of vhich activities took 
place in the food chain. The responses "fish eat the chemicals (^17c) 
and "fish eat the bacteria" (#17e) vere incorrect. The Figural group, 
in each case achieved significantly lover performance than the Semantic 
group. This could have been caused by the presentation of a picture of 
a fish eating plankton, vhich could have been confused vith chemicals 
in the picture. This confusion vas not present in the other versions. 

The one case vhere the results may have demonstrated a contrary 
finding to the stimulus-test similarity tendency reported above occur- 
red on (Question No. 2 of the "Crystallography" experiment. This ques- 
tion asked the subject to "name a vell-knovn crystal shovn in the 
slides." The Figural version shoved a salt shaker inscribed vith the 
letter "S" and vith particles pouring from it. The Symbolic version 
shoved a slide vith "Salt Crystals" printed on it, and the Semantic 
version used the phrase, "common as salt. One might expect that the 
actual vord "salt" in the Symbolic and Semantic versions vould cue the 
correct response. As a matter of fact, the Figural version resulted 
in the most significant learning. 
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Stimulus Content: 



25 . "There is a difference of only two degrees from the top to the 
bottom of the dark area." ("The Sea") 



Figural 




Symbolic 



Semantic 



At the top of the dark 
0 part of the sea, the 

35 temperature is always 

about 35 degrees. 




It drops only 2 degrees 
in going all the way 
down to the ocean floor. 



Test Question : 

3. The temperature near the bottom of the sea is about 

a. 33 degrees 

b. 35 degrees 

c. 55 degrees 

d. 70 degrees 



Test PeiTormance Analysis (Question No. 3): 



Mode 


Mean 


Figural 


.756- 


Symbolic 


.625 


Semantic 


.268- 



Analysis of Variance t-test Comparisons 



F = 19.199 Figural/Semantic p < .001 

p < .001 Symbolic /Semantic p < .001 



Figure 1. Example A: Stimulus-Test Similarity 
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Stimulus Content ; 

7, "These rays reach dovn into the sea. ( The Sea ) 



Figural 



I 




1 

zao rerr 



Symbolic 




250 FT. 




Semantic 



The warm rays . . . 
Red, Orange and 
Yellow ... reach 
into the sea only 
250 feet. 



But the cool rays ... 
Green, Blue and 
Violet ... reach 
deeper into the sea, 
up to about 1500 feet. 



Test Question ; 

8. "Which color light rays go down deepest into the sea? 

green, blue, violet, (coo^ col or) 

(write in) 



Test Performance Analysis (Question No. 8); 



Mode 


Mean 


Figural 


.218- 


Symbolic 


.352 


Semantic 


.607- 



Analysis of Variance 



F = 11.669 

p < .001 



t-test Comparisons 



Semantic/Figural p < .001 
Semantic/Symbolic p < .01 



Figure 2. Example Bi Stimulus— Test Similarity 
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Stimulus Content : 



9 . '*But crystals are different from many other solids. 
( "Crystallography" ) 



Figural 



Symbolic 



Semantic 




3 ® ® ^ 

(H ® ® ® 0 0 

® ® tl® 



ORDER 



vs. 



NO ORDER 



C’-ystals differ from 
other solids in the way 
the atoms are arranged. 
Orderly in crystals... 
not orderly in other 
solids . 



10. "Solids "which are unlike crystals are called amorphous solids. 







atain 






atom 



atom 



atom 



= AMORPHOUS 



Die other solids are 
called amorphous solids. 

Their atoms are arranged 
in a mixed-up way. 



Test Question 

7 . Solids which do not have internal order are called 

amorphous solids. 

("write in) 



Test Performance Analysis (Question No. 7 ): 



Mode 


Mean 


Figural 


.000 •" 


Symbolic 


.127 


Semantic 


.090 J 



Analysis of Variance 



F = 5.785 
p < .005 



t-test Comparisons 



Symbolic/Figural p < .001 
Semantic/Figural p < .01 



Figure 5 . Example C: 



Stimulus-Test Similarity 




There were eleven cases ‘Where significant differences among 
the treatments were found, hut where no explanation for such differ 
ences could he determined. 
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CHAPTER IV 



CONCLUSIONS, DISCUSSION, AND IMPLICATIONS 



This 

derived from 
implications 



chapter will present the specific conclusions that may he 
the data, discuss the results of the study, and suggest 
of the study for the design of instructional media. 



Conclusions 

The following conclusions may he made from an analysis of the 
results of the study: 

1. The Semantic form of visual presentation, which presented 
the content In a meaningful printed verbal form, resulted 
caUv significant learning superiority over the Figural and S^bollo 

?orS of presentation for "The Sea" (figural taherenc^ experiment ^oniyr. 

No significant differences were fo^uid in the Making Things Happen 
(symbSlc Inhe-ency) and "Crystallography" (semantic Inherency) experl- 

ments. 

2 The sex of the subjects was found to have no slgnlflcmt re- 
lationship to test performance or to the mode of visual presentation 

used. 

5. The language ability factors of the subjects were sl^lfl- 
cantly related to test performance, but were unrelated to the mode of 
visual presentation used. 

4. The mental ability level of the subjects was significantly 
related to test performance, but was unrelated to the mode of visual 

presentation used. 

5 The structure-of-lntellect factors showed no consistent 
relationships to test performance nor to the mode of visual presents- 
tion used. 

6. There was no apparent relationship between the "content in- 
herency" characteristics assigned to the subject matter and the nature 
of the visual presentation modes. 

7. The analysis of individual test items revealed that signifi- 
cant differences among the three treatment groups favored the Semantic 
mode of visual presentation in 55*5^ of the cases. 
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8. The major reason for the differences in performance among 
the treatment groups could he attributed to the similarity between the 
specific content of the visuals and the responses elicited in the test 
questions, a total of 65.1^ of the significant differences on individual 
test items being accountable by this characteristic. 

9. In summary, the feasibility of using the Guilford structure- 
of'~ intellect model as a device to guide the design and production of 
Instructional materials' — either in the design of the fom of visual 
presentation, in the attribution of characteristics to the subject mat- 
ter content, or in the characteristics of the learners — was not con- 
firmed by the results of the study. 



Discussion 



Mode of Visual Presentation 



The fact that no consistent significant differences were found 
a.TTinng the effects of the visual presentation modes for the three ex- 
periments suggests that (1) the form of presentation, as form, was not 
a crucial factor in affecting learning, or that (2) other factors than 
presentational form were operating. 

Given the cognitive nature of the educational task performed by 
the subject — that is, the recall of specific verbal informati'i\ pre- 
sented in the stimuli^ — it is, perhaps, not too surprising to find that 
the foim of visual presentation was not a critical factor in learning 
the subject matter content. Careful attention, was given, in the prepa- 
ration of the stimuli, to include in each treatment mode all the cues 
necessary to learn the content. When these specific cues appeared in 
each of the three treatment mode presentations and when they were spe- 
cifically tested, there was no apparent difference in learning them. 

Both Hoban and van Ormer (l950) and Allen {I9S0) drew similar conclu- 
sions from the earlier media research. 

As discussed above in Chapter I, little or no research attention 
has been given to the different types of forms that might be taken by a 
particular instructional message presented by means of a particular 
medium (in this case, the sound slide). It would appear, on the basis 
of the results of this study, that the design of such media in a form 
dictated by Guilford's structure-of -intellect model is not feasible. 

That is, that Guilford’s model, devised to account for the various 
intellectual abilities of individuals, does not operate as a fa^’^'or in 
identifying different kinds of media forms that would serve as variables 
in learning from the media. It is always possible, of course, that, in 
the translation of the Guilford model to the different media foims, the 
characteristics of the model were not faithfully interpreted in the mate- 
rials. However, every effort was made to conform to the definitions of 
the model insofar as a cognitive verbal model can be converted into a 
visual fonn, and it is believed that the resultant experimental treat- 
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msnijs ratlisr clossly a-pproxlfflELiisd "blis ln'bsn'fc of "blio originsJ. Guilford 
model. 



Because two of the visual presentation foims — figural and se- 
mantiC' — correspond to the two most common subdivisions of stimuli — non- 
verbal and verbal— the findings of the study may have implications be- 
yond those related to the Guilford model itself. The results suggest 
at least that^ for the learning of cognitive verbal factual information 
when the facts to be learned are presented explicitly in each visual 
presentation treatment the form of presentation (verbal or nonverbal) 
is not a critical variable to the learning of the infoimation. The fact 
that the symbolic treatment — ^which combined elements from both the other 
treatments in that it had some figural characteristics and used verbal 
word symbols— also showed similar results^ tends to support this conclu- 
sion. Such a conclusion^ however^ needs further confirmation by means 
of research and by analysis of some of the specific results of past re- 
search. 



Inherency of the Content 

One of the purposes of this study was to investigate the rela- 
tionships of the mode of visual presentation employed and the character- 
istics of the learners to the Inherent characteristics of the subject 
matter content. The assumption was made that content has certain char- 
acteristics that may be inherent in that particular type of content. 
Consequently^ content was selected for learning that presumably pos- 
sessed subject matter that could be described as being inherently fig- 
ural^ symbolic^ or semantic in nature . The prediction was made that the 
visual presentation group which was consona. t with the inherent nature 
of the content would perform on the criterion tests at a significantly 
higher level than the other groups. This prediction was not supported 
by the findings from the research. 

Assuming that the inherent content characteristics were cor- 
rectly attributed^ there appeared to be no reason to believe that a re- 
lationship existed between content characteristics and the mode of visual 
presentation. As a matter of fact^ the superiority of the semantic vis- 
ual presentation mode with material having figural inherency character- 
istics ("The Sea") was opposite to the predicted direction. This find- 
ing was contrary to that of Allen_^ Filep and Cooney (1967)^ iu which 
they found a positive relationship between figural presentation modes 
(motion picture and still picture) and material with concrete inher- 
ency characteristics. This study and the earlier one cited used the 
same criteria in selecting the "figural and concrete subject matter^ 
but the earlier study used the visuals to supplement printed verbal 
content. Tnus^ they are not totally comparable. The lack of differ- 
ences on content having "symbolic" and "semantic" characteristics in 
hhis study and in content having "nonconcrete inherency in the Allen_^ 
Filep and Cooney study do tend to be supporting. However^ given the 
absence of other research that might contribute to a solution of this 
problem^ a final conclusion must be withheld. 
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Characteristics of Learners 



The negative findings on the relationships hetveen the different 
learner characteristics studied and the mode of visual presentation em- 
ployed support the findings from previous research in some cases and 
contradict them in others. 

Althou^ there vere no consistent relationships between sex of 
the subjects and performance on the different visual presentation treat- 
ments, there appeared to be some experlment-to-experiment differences 
that bear further attention. The significant relationship between sex 
and performance on the symbolic and semantic treatments of "The Sea 
(figural inherency), favoring the girls, and the nonsignificant advan- 
tage to the boys on "Making Things Happen" (symbolic Inb.erency) and to 
the girls on "Ciystallography" (semantic inherency) suggest that there 
were sex-related subject matter differences. It is difficult, however, 
to determine Just what these differences are. The boys apparently did 
better on stimulus higher in symbolic content, and the girls did better 
on the more concrete and meaningful content. 

Tne fact that the mental ability of the subjects was related to 
performance on the criterion tests but unrelated to mode of visual pres- 
entation conforms to the general findings from previous research. On 
the other hand, Gropper (I966) had found a significant relationship be- 
tween IQ and mode of presentation, the hi^er ability subjects profiting 
more from the verbal presentation than from the visual presentation and 
the lower ability subjects profiting more from the visual presentation. 

The overall lack of significant relationships of the structure- 
of-intellect factors with either the mode of visual presentation or with 
the inherent characteristics of the subject matter content further sup- 
ports the general findings throughout the study that these factors are 
not a viable influence in the design of Instructional media. As pointed 
out in Chapter I, both Gagne and Gropper ( 1964 ) and Allen, Filep and 
Cooney (I967) found no correlations between figural aptitude and learn- 
ing from stimuli having different types of visual characteristics. This 
does not mean, of course, that some kind of "figural" aptitude is absent 
as a differential characteristic in individual learners. Rather, the 
particular traits measured in this study were found to be inoperative 
for this population of subjects. It should be noted that the structure- 
of-intellect tests used were not designed for use with subjects in ele- 
mentary school, and the difficulty level of the tests may have been a 
contributing factor leading to this lack of relationship. Regardless 
of the reason, however, it would appear that factors other than these 
would need to be looked to as indicators of learner response to differ- 
ent types of visual presentation. 
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St ^TTn]lus-Test Similarity 



The discovery of the Importance of the similarity hetween the 
specific cLtLt of^the visuals of all modes and the 

in the test questions, as determined from an analysis of specific test 
auestlons, ms the major positive finding from the study. ^ llt- 
eratarr k^ principle has been caUed "stimulus generalization and 
S been st^efhy Hitman (I96I) to mean that "learning of Presented 
iifoimatlon Increases as the testing 

the presentation situation." A clear confirmation of this principle 
■was obtained in the present study. 

The operation of stimulus generalization ove^de w influence 
that oth“r factors may have exercised. This happened in 65 percen 
thf l^st^pfo where tL Individual test Items showed 
Terences among the different visual presentation modes, and it w o 

found to operate for all ttoee of the visual ^Ive 

should be noted that the criterion tests were verbal tests of cognitive 

factual information, and It was Just or 

that resulted in siemlf leant learning. When the verbal cues 
n^^erslappeared In the stimulus, and when these same cues appeared 
and were eUclted In the tests, they were recalled more often than when 
such cues either did not appear In the stimuli or were presented In an 

altered fom. 



Imnll cat ions 

The implications of this study for the design or sele^ion of 
instructional media seem to be more negative ^ " 

the predicted interactions among visual 

charLteristics, and learner characteristics were not obta^ed. 
does not mean, of course, that such variables are not importan 
design of instructional media, but that, under the conditions prevailing 
i^tSs stidy:Xy did not produce the expected effects. Two implica^ 
tions may be drawn from the study, however: 

1 The nature of the instructional objective being served by 
the instrilctlonal presentation may be of critical Imp^^nce to select- 
•Ins the mode of visual presentation to be employed. This s y 
cemed itself with the learning of cognitive verbal factual inToimation, 
llTlt wrs found that such learning could be eq.ually^e^anced by either 
verbal or nonverbal visual stimuli when all the crucial cues to 
lea^d were included in the al.temate visual modes of presentation. 
Thus, it may be implied that the mode of still (nonmotion) visual pres- 
^takon ^"^materiL is not an important factor in teaching verbal 

factual information. 

2 The stimulus material should be designed to co^om as 
closely as possible to the task to be performed in the criterion situa- 
tion For the learning from material presenting cognitive factu^ in- 
for^tirappears to hf very specific to the actual facts presented. 
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APPENDIX A 




SCRIPTS OF EXPERIMENTAL TREATMENTS 



EXPLANATION; The complete scripts for each of the three treatment 
modes for es-ch of the three subject matter content areas are presented 
below. Following the number^ the audio narration is given. The dura- 
tion in seconds for the accompanying visuals follows in parentheses. 
Then the three alternate visual presentation modes are presented: 
Figura3.^ Symbolic^ and Semantic. 

" THE SEA " (6 minutes 50 seconds) 

Figural Symbolic Semantic 

1. These slides will tell about the sea ... (7 seconds) 

Think about the sea and 
how it covers much of 
our earth. 




2. ... about the light on the sea ... (4.5 seconds) 









57 





Semantic 



Flgural Symbolic 

k. You will learn that light has to do with plant life and animal 
life in the sea. (9 seconds) 




LIGHT 



I 

PLANT GROWTH 



Hie light in the sea 
helps plants to grow* 




5. Light reaches the sea in warn ways ... (7 seconds) 






Light enters the sea in 
warm rays which are 
Red, Yellow and Orange. 



6 . 



and in cool rays. 



(7 seconds) 





Light also enters the 
sea in cool rays which 
are Green, Blue and 
Violet. 
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Figural Symbolic Semantic 

7 . These rays reach dovn into the sea. (22 seconds) 




The warm rays ... 
Red, Orange and 
Yellow ... reach 
into the sea only 
250 feet. 





But the cool rays ... 
Green , Blue and 
Violet . . . reach 
deeper into the sea, 
up to about 1500 feet. 



8 . Everything helow is 




dark and cold. (8 seconds) 




Below this the sea is 
dark and cold because 
no light reaches down 
to warm it. 



9 . Light is important to safety in the sea. (12 seconds) 





DARKNESS s SAFETY 



When enemies see them, 
fish may blend into 
the light above or the 
darkness below. 
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10 . 



Figural Symbolic 

Nature has camouflaged sea life to look like 
(5 seconds) 



Semantic 

its surroundings. 




11. There is a food-chain in the sea— one form of life feeding on 
another form of life. (ll seconds) 




All sea life needs 
food. Big fish eat 
little fish; and they 
are eaten by even 
bigger fish. This way 
of life is called a 
food chain. 



12. This food-chain begins with bacteria from decayed matter on the 
ocean floor. (6 seconds) 




Plants and animals 
decay on the bottom 
of the sea. 

Bacteria are formed. 



13 . Bacteria makes chemicals ... (5 seconds) 




t 

CHEMICALS 



The bacteria make 
chemicals which rise 
up through the water. 



ko 



FRir 



Figural 



Symbolic 



ik, ... which become food 



(6 seconds) 



Semantic 



PLANTS 




Visae chemicals becowi 
£ood for tiny plant* 
floating on the top iff 
the sea. 



15. 



through a process called photosynthesis 



(8 seconds) 




PHOTOSYNTHESIS 



Photosynthesis happens 
when the right amounts 
of light and chemicals 
are present. 



16. It happens in millions of tiny plants^ feeding millions of tiny 
animals. Both these plants and animals are called plankton. 

(9 seconds) 




PLANKTON 



Such tiny plants and 
animals are called 
plankton. Plankton 
soak up the chemicals 
for food. 



17. You may wonder what makes the chemicals rise from deep in the 
sea. (5*5 seconds) 





Why do chemicals rise 
from the bottom of the 
sea to become food? 



kl 



O 



Flgural 



Symbolic 



Semantic 



l8. The -water is always in motion ... (5 seconds) 




19 . ..* pushed by the winds ... (6 seconds) 



NORTH 




SOUTH 



20. ... sinking ... (5 seconds) 




Winds push the warm 
water away from the 
equator toward the 
cold poles. 




21. ... flowing back . 




. ( 5.5 seconds) 



The warm water grows 
cool and sinks to the 
bottom of the sea. 





It flows back toward 
the equator along the 
bottom of the sea. 



k-2 



o 

ERIC 

ili’lliitlilBIffTlTliU 




Flgural 

22 . ... and rising 



Symbolic 
(7 seconds) 




Semantic 



Then it rises to replac# 
the warm water which hag 
moved away from the 
equator. 



23. 



bringing up the 



chemicals. (6 seconds) 




t 

CHEMICALS 



It is at this time that 
the water from below 
brings up the chemicals* 



2k. Yet the upward motion of these chemicals in the water can he 
stopped. Stopped by changes in the temperatures of the sea. 
(6 seconds) 





But the upward motioo 
of the water and 
chemicals can be 
stopped. 



25 . There is a difference of only 2° from the top to the bottom of 
the dark area. (I 5 seconds) 




At the top of the dark 
part o the sea, the 
temperature is always 
about 35 degrees. 





It drops only 2 degrees 
in going all the way 
down to the ocean floor* 



in 



k3 








Figural SyrriTpollc 

26. But the greatest change happens at the 



surface 



Semantic 




. (8 seconds) 



But temperatures on 
the surface of the 
sea change greatly 
from season to season. 



27. The point -where the greatest change in temperature begins is 
called a thermocline. (I3 seconds) 




Above the dark part 
o£ the sea, summer 
temperatures may be 
quite high. 

The point of greatest 
change in temperature 
is 'ailed a thermocline. 



28. In summer this thermocline acts like a wall. 



(9 seconds) 





In summer this thermoclina 
is like a wall — it stopt 
the upward motion of water 
and chemicals. 



29. But in winter the temperatures change. 



(15 seconds) 
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The temperature above 


'IM 


I the thermocline is much 




greater than the temperature 


0 


below the thermocline. 
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35" 


But winter temperature* 


— 


above and below the 


■ 1 


dark part of the tea 


35" 


may be alike. 



kk 






Flgural 



Syinbolic 



50. Then the vail disappears. 




(4 seconds) 



35 

35" 



Semantic 



Then the wall, or 
thermocline, disappears* 



31. The upward mot. m of the sea also changes. 



(5 seconds) 





The upward flow of the 
water goes all the way 
to the top. 



32. And so does the rise of chemicals ... (6 seconds) 




t 

CHEMICALS 



Hien the chemicals movtt 
up freely from the 
bottom to the top of 
the sea. 



33. ... to make food in the sea. (8 seconds) 





And food is provided 
for all sea life 
through the chain* 
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"MAKING THINGS HAPPEN" (4 minutes 23 seconds) 



Flgural Symbolic Semantic 

1. Here are some slides about making things happen In an orderly way. 
(4 seconds) 




1 



2 I 3 



Things can be made to 
happen step by step. 



2. In the home ... (6 seconds) 




1. PLAN 

2. COOK y BREAKFAST 

3. EAT ^ 



Breakfast is planned* 
Then it is cooked. 
Then it is eaten. 



3. ... outside the home 



(6 seconds) 



1. PLAN 

2. GO VCAR TRIP 

aARRIVE^ 



We get ready for a trip. 
We take the trip. 

We arrive at our goal* 



il-. ... in national affairs ... (7 seconds) 





1. PLAN 

2. GO 



SPACE FLIGHT 



Prepare space capsula 
to launch. 

tt Is launched. 



3. RETURN 



Xt returns to earth* 



kS 



Flgural 



Symbolic Semantic 



5 . It tal;ec planning ... (5 seconds) 



plan each step to 
happen In an orderly 
tray. 



6 . ... to control happenings. (4 seconds) 





7 . We call the steps hy which things happen a sequence. (5 seconds) 





2 

SEQUENCE 



This orderly flow ia 
called a sequence otfi 
happenings . 



8. If we try, we can make any sequence orderly. 



(5 seconds) 




4 



5 



6 



Tn a planned aequenc# 
things happen In Ch* 
right order. 
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Fi^?ural 



Symbolic 



Semantic 



9. There are major ctepc to any sequence, (i? seconds) 




Try to remember th« 
three basic steps In 
sequence. 





First, we make a 
decision ••• like 
Mother choosing what 
to cook for breakfast. 



11. Next, we follow through on what we decided to do. (5 seconds) 




ACT 



Secondly, we act ••• 
like Mother cooking 
breakfast. 



12. Finally, we finish what we set out to do. (6 seconds) 





Thirdly, we complete 
the action ••• like 
eating breakfast. 



kQ 







Flgural Symbolic Semantic 

13. Let's look at another sort of happening. (4 seconds) 




CAR RIDE 



Here is what happens 
when we go for a car 
ride* 



l 4 . Firsts we make a choice. (3 seconds) 




15. Having chosen^ we go into action. (3 seconds) 




16. Finally, we finish what we set out to do. ( 3*5 seconds) 




Flgural Symbolic Semantic 

17. VJe planned^ we did,^ and ye finished what we chose to do. 

(5 seconds) 





This was a sequence of 
happenings . • . .ach st«f» 
flowed in order. 



18. Sometimes we must make many choices ... all at once_, or one after 
another. (3*5 seconds) 




19. Such complex plannin^^ and action are found in the work of space 
engineers. (5 seconds) 




PLANNING 



“fliis kind of planningt 
is done when we send up 
an astronaut. 



20 . Again/ the first step is to make a choice. (4 seconds) 
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21. 



Flgural Symbolic 

If the choice is to wait^ the action stops. 



Semantic 
(4 seconds) 




22. But^ if the choice is to go ahead^ many things happen. (8 seconds) 





But If we chooee to go, 
fMny different MttoAs 
oust take piece at Jusr' 
Che right time. 



25 . New decisions follow the first action. (7 seconds) 




24. The choice may be 




NO 

wait. (5 seconds) 



Once the rocket is 
launched, new decisions 
must be made,,.such as. 

Should we return 
to earth? 






NO 



If the choice is to welt^ 
the rocket continues to 
circle the earth. 
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Flgural 

25. If the choice is to end^ 



Symhollc Semantic 

a new seq.uence takes place. (5 seconds) 




26. The first step is taken ... seconds) 



Again, many things 
happen in the right 
order, at the right 
time. 



RETURN 

ROCKETS 

FIRED 



27. The second ... ( 4.5 seconds) 




Return rockets push the 
capsule toward the 
earth. 




28. And the third. (4 seconds) 



Slow-down parachutes 
drop the capsule gently 
toward the earth. 




ASTRONAUT 

RECOVERED 



Recovery teams rescue 
astronaut from water. 
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Flgural Symbolic 

29. Finally^ all the action ends. (3 seconds) 



Semantic 



' t / 




'H\ 









V 






The rocket's flight llflSlI 
been completed. 



30. You have seen that there was a planned order to what happened, 
(5 seconds) 







In whatever happened, 
there was a plan, an 
order, a sequence. 



31. Evearything in seq_uence ... making the ri^t choices^ taking the 
right action. (6 seconds) 





A decision was made. 

An action was taken. 

That action was 
completed. 
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'♦ clgsmijO GRAPHS ” {h minutes) 

1. Xou will now see some slides atout crystals and crystallography. 
( 6 seconds) 




CRYSTALLOGRAPHY 



Crystallography means 
the study of crystals 
in their different 
forms. 



2. Some crystals are weU-lmown to you. (L seconds) 




SALT CRYSTAL5 



Crystals can be as 
common as salt • • • 



3. Some may he less familiar. (8 seconds) 




QUARTZ CRYSTALS 



Or they may be less 
common, like quartz 
crystals formed frcm 
molten rock. 



If. But all crystals are alike In some ways. (8 seconds) 




QUARTZ 
SALT_ \ 



EMERALDS:;^ 



CRYSTALS 



OTHERS 



Quartz, salt, emeralds 
and other crystals 
resemble each other in 
some ways. 



5 ^ 



Flgural 



Sym'bollc 



Semantic 



5 - All tejLong to one of the Important forms of matter. (5 seconds) 




6. We are concerned -with only one of these foms of matter. 
(k seconds) 




CRYSTALS SOLID * crystal Is a solid' 

form of matter. 



7. All forms of matter are made up of tiny atoms. (6 seconds) 




at«m 

•tan 



•tan 



•tan 



•tan 



atan 



atan 



atan 



•tan 



•tan 



= MATTER 



Atoms are like tiny 
building blocks which 
make up each form of 
matter . 



8. Tliis is also true of crystals. (6 seconds) 
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Figural 



Symbolic 



Semantic 



9 . But crystals are different from many other solids. (lO seconds) 

ORDER 

vs. 

NO ORDER 




Crystals differ from 
other solids in the way 
the atoms are arranged. 
Orderly in crystals... 
not orderly in other 
solids . 



10. Solids which are unlike crystals are called amorphous solids. 
(.7 seconds) 



3 9 

9 Wk 





attn 


The other solids are 






called amorphous solids. 


•tMi 


^ = AMORPHOUS 


Their atoms are arranged 




at®** 


in a mixed-up way. 




atop 





11. We shall be concerned here with only the first of these two 
solids. (8 seconds) 




CRYSTAL = ORDER 



Crystallography deals 
only with solids whose 
atoms are arranged in 
>rderly patterns. 



12. Firsts let's talk about the internal order or structure of 
crystals. (7 seconds) 



Q' 

<3 0 



STRUCTURE 



The order of the atoms 
within a crystal determines 
its structure. 
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Figural Symbolic Semantic 

13. The internal order that decides how crystals look to us I 
(6 seconds) 










i 



INTERNAL 

STRUCTURE 



SHAPE 



This internal structure 
gives a crystal its 
outward shape. 



ik. Crystals differ. 



(6 seconds) 




SHAPE 



SHAPE 






SHAPE 



Crystals of different 
substances have 
different shapes. 



15. Crystals can be grouped according to their shapes. (5 seconds) 




16. Each group is called a system. (I3 seconds) 




SYSTEM 



SYSTEM 

SYSTEM 



Each group of crystal 
shapes is called a 
system. 

In any one system, the 
crystals may have 
different sizes and 
colors but only one 
shape. 
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Figural Symbolic Semaxitic 

17. We now have looked at two of the three most important ideas 
about crystallography. (7 seconds) 




1. STRUCTURE Structure and Systems 

are two important parts 
of our study of 

2. SYSTEM crystallography. 



18. Let's look at the third idea; the different properties of 
crystals. (12 seconds) 




COLOR 

HARDNESS^-^ PROPERTIES 
WEIGHT 



Crystallography also 
deals with the properties 
of crystals - 
These are physical 
qualities , like color, 
hardness and weight. 



19. For instance, different colors ... (6 seconds) 









Crystals may be very 
different in color yet 
have the same shape. 
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20 . 



Figural 



Symbolic 



. .. or different hardness ... (9 seconds) 




SOF i 

hard 




22. So we have given thou^t to three important 
crystals (8 seconds) 




1. STRUCTURES 

2. SYSTEMS 

J. PROPERTIES 



Semantic 



Crystals also differ 
widely In hardness — • 

Some are very soft... 
Some are very hard... 
Some are In-between. 



Crystals also differ 
In weight. 



ideas about 



There are three key 
ideas for defining 
crys tallogr aphy : 

Structure, Systems, 
Properties. 
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APPENDIX B 



perfobmance tests 



note : The correct answers are indlcatea in the Performance Tests by 

underlining in the case of the multiple-choice items or by the 
^.^ri^orof the acceptable answers for the constructed responr^= 



" THE SEA " 

1. Which of the following best describes the way in which sunlight 
goes down into the sea? 

a. warm, rays may be found near the tog _ 

b. warm rays go down deeper than cool rays 

c. only the cool rays go all the way to the bottom 

d. both warm and cool rays go down to the bottom 

2. The process used by plants to produce food from chemicals and 
li^t is called nho t o synthe sis . 

5 . The temperature near the bottom of the sea is about 

a. 55 degrees 

b. 55 degrees 

c. 55 degrees 

d. 70 degrees 

4 . Tiny living plants and animals found near the surface of the 
sea are called 

a. bacteria 

b. plants 

c. plankton 

d. fish 

5 . The difference between the temperature at the top and the temper- 
ature at the bottom of the sea is 

a. greatest in the summer, least in the winter 

b. least in the summer, greatest in the winter 

c. greatest in the fall, least in the spring 

d. least in the fall, greatest in the spring 
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6 . Most of the vann water of the sea moves toward the 

a. North and South poles 

b. shores in North and South America 

c. equator 

d. thermo dine 

7. The bacteria from dead animals and plants are found 

a. at the thermocline in the sea 

b. in the dimly lit area of the sea 

c. in the parts of the sea with the most light 

d. at the bottom of the sea 

8. Which color light rays go down deepest into the sea? 

violet; blue; blue-violet j dim blue; dark blue; dark purple ; 
purple; ultraviolet (has to be a cold color) 

9. In the profile of the sea shown below^ one temperature is not 
correct. Choose the temperature that would correct this error. 

a. 35 should be 38 

70 

b. 55 should be 60 

c. 22 should be 33 ^ 55 

35 

d . 70 • should-be -75 ’ 22 

10 . Plants of the sea and grass of the earth are both found near 
the surface because 

a. they both need chemicals 

b. they both need ll^t 

c. they are safest there 

d. they both have roots 

11. Plants use to make their food. 

a . plankton 

b. chemicals 

c. fish 

d. bacteria 

12 . In the deepest parts of the sea^ the water temperature 

a. is always low 

b. changes with the weather 

c. changes with the seasons 

d. is the highest near the equator 
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13 * In clear vater^ the varm rays of the sim go dovn about 
into the sea . 



a. 7 miles 

b. 150 feet 

c. 230 feet 

d. 850 feet 

Ik. The chemicals used by plants in photosynthesis come from the 

a. plankton in the top layer 

b. plants on the bottom 

c. dead fish in the middle 

d. bacteria on the bottom 

15. Most of the sea is 



a. dim 

b . light 

c . dark 

d. very dark 



) 

) 



either is correct 



16 . Plankton are 



a^ fish 

b. plants only 

c . animals only 

d. both plants and animals 

17* Which of the items belov take place in the food chain? (There 
may be more than one answer to this question.) 

a. fish hide in plants 

b. fish swim toward the light 

c. fish eat the chemicals 

d. fish swim toward the poles for food 

e. fish eat the bacteria 

f. fish eat plankton 

g. fish ean other fish 

18. Which of the following best describes the movement of the sea? 

a. the wind cools the sea and the water sinks 

b. cool water moves toward the poles and rises to be warmed 

c. the sea moves up and down with the winds and back and 
forth with the seasons 

d. warm water moves toward the poles, sinks and moves 
back to be warmed 



o 

ERIC 
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19. In "What "ways do fish find safety? (There may be more than one 
answer here . ) 

a, they stay out of the food chain 

b, they blend into their background 

c, they swim fast 

d, they blend into the thermocline 

e, they blend into the darkness 

" MAKING THINGS HAPPEN " 

1. What do we call the steps by which things happen? 
sequence 

2. If you were going on a round trip to the beach from your home^ 
how would you classify coming out of the water? 

a, completing 

b, deciding 

c, doing 

d, choosing 

3. All sequences of events can be put into major steps, 

a, two 

b , three 

c . four 

d. as many as you want 

4. How does planning of the kind shown in the slides help avoid 
errors? 

a. it shows us that all problems are difficult 

b. it makes decisions for us 

c. it helps us check each step in an orderly way 

d. it faces us with complicated problems 

5. What three kinds of things talie place in any sequence of happen- 
ings? 

a, choosing^ completing^ and deciding 

b, doings finishing^ and sequencing 

c, choosing^ preparing^ and eating 

d, doing, deciding, and completing 
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6. Which of the following things could not be shown as a sequence of 
happenings. (There may be more than one answer to this question.) 

a. going on an airplane ride 

b. getting ready for school 

c. pushing a button to fire a rocket 

d. making a model airplane 

e. an aii^lane 

f . deciding what to eat 

7. Which of the following is the best sequence of happenings for 
going camping? 

a. plan to go camping ^ pack the car^ return home 

b. decide to go^ pack the car^ go camping 

c. planning^ preparing, doing 

d. decide to go camping, go camping, return home 

8. To solve complicated problems, we have to 

a. make things happen in a step'-by-step way 

b. make complicated answers 

c. make decisions very quickly 

d. make things happen very quickly 

9. How would you classify deciding what to wear? 

a. wearing a coat 

b. taking the coat out of the closet 

c. completing 

d. choosing 

10. Here is a list of things that happen when you go camping. Put 
them in the ri^t order by placing a number in the space in 
front of each happening. 

3 put up the tent 
3 take down the tent 

1 decide to go camping 
k camp over night 

return home 

2 plan which hi^ways you will take 

11. In the following sequence of happenings, draw a circle around 
the things that could happen at the same time 

a. turning the fire off 

b. turning the fire on 

c. putting the pan on the stove 

d. deciding whether or not the water is boiling 

e. filling a pan with water 
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"CRYSTAUDOGRAPHY" 



1 . All matter is made up of tiny particles called 

a. crystals 

b. gases 

c. molecules 

d. atoms 

2 . Name of well-kno-wn crystal sho-wn in the slides 

salt 

5. If you "wanted to classify some crystals in their proper sysuem^ 
what would you look for? 

a. their size 

b. their physical properties 

c. their shape 

d. their atoms 

k. Which is more like the atoms in a crystal? 

a. a school of fish 

b. recess 

c. children playing tag 

d. men marching 

5. Circle the letter in front of the items which could be properties 
of crystals. (There m^ be more than one answer.) 

a. the shape 

b. number of atoms 

c. its heaviness 
'dT. its softnes:; 

e. blue color 

f. its size 

g. internal structure 

6 . Brick is to wall as crystal. 

a . salt 

b . atom 

c . color 

d. ice 

7. Solids which do not have internal order are called 

solids 



amorphous 
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8 . 



Suppose that you had five crystals and they looked like this: 




How many different crystal systems would you put them in? 



a. 2 




c . 4 

d. 5 



9. Crystals are fonns of matter that 

a. have Internal order 

b. have no internal order 

c. sometimes have internal order 

d. none of these 

10. If two crystals have the same shape 

a. they have the same properties 

b. they are made of the same atoms 

c. they belong to the same system 

d. all of these 

11. How many crystal systems are recognized in the study of crystals? 

a. 1 

b. 2 

c. 6 

d. 12 

e. there is no limit 

12. "What decides the shape of a crystal? 

a . the structure of the crystal 

b. whether it is amorphous or not 

c. its physical properties 

d. the kind of atoms the crystal contains 



66 



13. What determines the structure of a crystal? 



a. the 'Way its atoms are arranged 
h. "Whether or not it is a solid 
c. its properties 
c. its shape 

ik, A ciystal is a 

a. gas 
h . solid 

c . liq.uid 

d. none of these 

15. Which of the following pictures is most like the 
structure of a crystal? 
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APPENDIX G 



TABLE 7 



PERFOPMANCE ON INDIVIDUAL TEST ITEMS BY TREATMENT GROUPS 





Presen- 

tation 

Mode 




Analysis of 


Var. 






X 


df 


F 


Proh . 


t-test Comparisons 








"THE SEA" 


(Figural Inherency) 


#1 


Fig* 

Sym 

Sem 


.295 

.227 

.429 


2/219 


5.560 


<.05 


Sem/Sym.05** 


#2 


Fig 

Sym 

Sem 


.555 

.275 

.286 


2/219 


.584 






#3 


Fig 

Sym 

Sem 


.756 

.625 

.268 


2/219 


19.199 


<.001 


Fig/Sem.001;Fig/Sym.l0;Sym/Sem.001 


#4 


Fig 

Sym 

Sem 


.526 

.705 

.750 


2/219 


4.596 


<.025 


Sym/Fig . 02 ; Sem/Fig . 01 


#5 


Fig 

Sym 

Sem 


.751 

.695 

.696 


2/219 


.160 






#6 


Fig 

Sym 

Sem 


.192 

.261 

.595 


2/219 


5.411 


<.05 


Sem/F ig . 02 ; Sem/ Sym . 10 


#7 


Fig 

Sym 

Sem 


.692 

.466 

.482 


2/219 


5.151 


<.01 


Fig/Sym. 01 ;Fig/Sem . 02 


#8 


Fig 

Sym 

Sem 


.218 

.552 

.607 


2/219 


11.669 


<.001 


Sym/Fig . 10 ; Sem/Fig . 001; Sem/ Sym. 01 




*Fig = Figural treatment; Sym = Symbolic treatment; Sem - 
Semantic treatment. 



**Th.is should he read; "The Semantic treatment "was superior to 
the Symbolic treatment at the .05 level of significance as compared hy 
t'“te st . 
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TABIS 7 — Continued 





Presen- 




Analysis of Var. 






tation 

Mode 


X 


df 


^ ] 


Prot. 


t-test Comparisons 


#9 


Fig 

Sym 

Sem 


.667 

.420 

.556 


2/219 


5.208 ‘ 


<.01 


Fig/ Sym. 01 


#10 


Fig 

C:m 

iDem 


.705 

.659 

.750 


2/219 


. 680 






#11 


Fig 

Sym 

Sem 


.559 

.i ^77 

.589 


2/219 


5.595 


<.05 


Sem/Fig.Ol 


#12 


Fig 

Sym 

Sem 


.615 

.525 

.518 


2/219 


.912 






#15 


Fig 

Sym 

Sem 


.667 

.656 

.679 


2/219 


.155 


■■ 




#1^^ 


Fig 

Sym 

Sem 


.692 

.420 

.607 


2/219 


6.818 

I 

1 


<.005 


Fig/Sym . 001 j Sem/Sym . 05 


#15 


Fig 

Sym 

Sem 


.456 

.511 

.554 


2/219 


1 .972 






#16 


Fig 

Sym 

Sem 


.756 

.852 

.679 


2/219 


5.120 

I 

1 

i 


<.05 


Sym/ Sem. 02 


# 17 a 


Fig 

Sym 

Sem 


.859 

.775 

.821 


2/219 


1.026 






# 17 b 


Fig 

Sym 

Sem 


.846 

.864 

.859 


2/219 


.092 






#170 


Fig 

Sym 

Sem 


.515 

.602 

.714 


2/219 


2.789 


<.10 


Sem/Fig .02 



TABLE 7 — Continued 





Presen- 




Analysis of Var. 






tat ion 
Mode 


X 


df 


F : 


Pro!) . 


t-test Comparisons 


#17<i 


Fig 

Sym 

Sem 


.897 

.795 

.893 


2/219 


2.172 


— — 




#17e 


Fig 

Sym 

Sem 


.436 

.693 

.857 


2/219 


15.011 


<.001 


Sem/Fig.OOl; Sem/ Sym. 05 ; Sym/Fig .01 


#17f 


Fig 

Sym 

Sem 


.423 

.580 

.30^ 


2/219 


5.711 


<.005 


Sym/ Sem. 01 


#17S 


Fig 

Sym 

Sem 


.821 

.648 

.875 


2/219 


6.182 


<.005 


Fig/ Sym , 02 ; Sem/ Sym . 01 


#18 


Fig 

Sym 

Sem 


.218 

.239 

.446 


2/219 


5.076 


<.01 


Sem/Fig . 01; Sem/ Sym. 01 


#19a 


Fig 

Sym 

Sem 


.821 

.864 

.875 


2/219 


.465 






#19b 


Fig 

Sym 

Sem 


.769 

.727 

.875 


2/219 


2.221 






#19c 


Fig 

Sym 

Sem 


.654 

.648 

. 8 o 4 


2/219 


2.307 


<.10 


Sem/Fig . 10 ; Sem/ Sym . 05 


#191 


Fig 

Sym 

Sem 


.859 

.807 

.804 


2/219 


.495 






#19e 


Fig 

Sym 

Sem 


.577 

.716 

.679 


2/219 


1.852 
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TABLE T-— Continued 





Presen- 




Analysis of 


Var. 






tation 

Mode 


X 


df 


F 


Prob. 


t-test Comparisons 



'•making things HAPm (Symbolic Inherency) 



#1 


Fig 

Sym 

Sem 


.620 

.686 

.778 


2/217 


2.559 


<.10 


Sem/Fig.05 


#2 


Fig 

Sym 

Sem 


.329 

.31k 

.378 


2/217 


.564 






#5 


Fig 

Sym 

Sem 


.747 

.824 

.733 


2/217 


.770 






#4 


Fig 

Sym 

Sem 1 


.810 

.824 

.722 


2/217 


1.547 






#5 


Fig 

Sym 

Sem 


.450 

.451 

.255 


2/217 


4.688 


<.01 


Fig/Sem. 01 j Sym/Sem . 02 


# 6 a 


Fig 

Sym 

Sem 


.848 

.804 

.767 


2/217 


.882 


^ ■ 




# 6 b 


Fig 

Sym 

Sem 


.696 

.706 

.700 


2/217 


.007 






# 6 o 


Fig 

Sym 

Sem 


.684 

.686 

.544 


2/217 


2.250 






# 6 d 


Fig 

Sym 

Sem 


.759 

.686 

.778 


2/217 


.751 


■ “ 




# 6 e 


Fig 

Sym 

Sem 


.658 

.588 

.644 


2/217 


• 546 






# 6 f 


Fig 

Sym 

Sem 


.266 

.514 

.178 


2/217 


1.860 






#7 


Fig 

Sym 

Sem 


.592 

.490 

.422 


2/217 


.609 
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TABLE 7 ==Contim^ 





Presen- 




Analy 


SlG of 


Var. 






tation 

Mode 


X 


df 


F 


Prob. 


t-test Comparisons 


#8 


Fig 

Sym 

Sem 


.899 

.845 

.933 


2/217 


1.472 


psmfKm 1 




#9 


Fig 

Sym 

Sem 


.825 

.725 

.911 


2/217 


4.287 


<.025 j 

1 

j 


Sem/ Sym. 01 ; Sem/Fig . 10 


#10a 


Fig 

Sym 

Sem 


.886 

.843 

.844 


2/217 


.367 


1 




#10t 


Fig 

Sym 

Sem 


.949 

.922 

.956 


2/217 


.379 






#10c 


Fig 

Sym 

Sem 


.886 

.922 

.978 


2/217 


2.875 


<.10 


Sem/Fig .02 


#10d 


Fig 

Sym 

Sem 


.861 

.784 

.822 


2/217 


.642 






H 

O 

CD 


Fig 

Sym 

Sem 


.962 

.961 

.956 


2/217 


.025 


* F' ■ 




#10f 


Fig 

Sym 

Sem 


.861 

.922 

.956 


2/217 


2.443 


<.10 


Sem/Fig. 05 


#Ha 


Fig 

Sym 

Sem 


.785 

.706 

.822 


2/217 


1.292 






#H-b 


Fig 

Sym 

Sem 


.468 

.510 

.511 


2/217 


.179 






#llo 


Fig 

Sym 

Sem 


.481 

.392 

.522 


2/217 


1.103 






#lld 


Fig 

Sym 

Sem 


.595 

.627 

.678 


2/217 


.630 






#lle 


Fig 

Sym 

Sem 


.772 

.667 

.733 


2/217 


.874 


■■ 








TABLE 7-“>-Contlnued 





Presen- 




Analysis of Var. 






tation 

Mode 


X 


df 


F I 


?roh . 


t-test Comparisons 






"C 


'EXSTALLO GRAPHS" (Semantic Inherency) 


#1 


Fig 

Sym 

Sem 


.691 

.823 

.679 


2/245 


2.510 - 


<.10 


Sym/Fig . 10 ; Sym/Sem . 05 


#2 


Fig 

Sym 

Sem 


.764 

.655 

.572 


2/245 


15.104 • 


<.001 


Fig/Sem . 001 ;Fig/Sym . 10 ; Sym/ Sem . 01 


#5 


Fig 

Sym 

Sem 


.427 

.165 

.521 


2/245 


7.095 


<.001 


Fig/Sym . 001 j Sem/ Sym . 05 




Fig 

Sym 

Sem 


.517 

.506 


2/245 


.452 






# 5 a 


Fig 

Sym 

Sem 


.505 

.278 

.251 


2/245 


.560 






# 5 t 


Fig 

Sym 

Sem 


.551 

.75^ 

.7^ 


2/245 


4.685 


<.01 


Sym/Fig . 02 ; Sem/Fig . 02 


# 5 c 


Fig 

Sym 

Sem 


*575 

*655 

.65^ 


2/245 


.626 






# 5 d 

# 5 e 


Fig 

Sym 

Sem 

Fig 

Sym 

Sem 


.281 

.506 

.564 

.755 

*772 

.821 


2/245 

2/245 


8.112 

.575 


<.001 


. Sym/Fig . 01 j Sem/Fig . 001 
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TABLE 7 — Continued 





^resen- 




Analysis of Var. 




1 


nation 

Mode 


X 


df 


F F 


’rob. 


t-test Comparisons 


# 5 f 


Fig 

Sym 

Sem 


.449 

.494 


2/245 


.400 






# 5 g 


Fig 

Sym 

Sem 


.517 

.519 

.410 


2/245 


1.252 






#6 


Fig 

Sym 

Sem 


.453 

.450 

.410 


2/245 


.069 






#7 


Fig 

Sym 

Sem 


.000 

.127 

.090 


2/245 


5.785 - 


<.005 


Sym/Fig. 001 ;Sem/Fig .01 


#8 


Fig 

Sym 

Sem 


071 

.567 

097 


2/245 


.091 






#9 


Fig 

Sym 

Sem 


.506 

019 

.526 


2/245 


.055 






#10 


Fig 
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